Neuritogenic and neuroprotective activities of litchi (Litchi chinensis Sonn., Sapindaceae) and salacca (Salacca edulis Reinw., Arecaceae) pericarp, and sapodilla (Achras sapota L., Sapotaceae) and tamarind Srichompu cultivar (Tamarindus indica L., Caesalpiniaceae) seed coat extracts were evaluated on cultured cholinergic P19-derived neurons. All the extracts, at a very low concentration (1 ng/mL of litchi and salacca pericarp extracts, 10 ng/mL of sapodilla and 100 ng/mL of tamarind seed coat extracts), enhanced the survival of cultured neurons (% viability more than 100%) by XTT reduction assay. The extracts were further evaluated for their neuritogenicity by observing cell morphology by phase-contrast microscopy and neuroprotective activity in serum deprivation and pre-and co-administration of hydrogen peroxide models. The phase-contrast micrographs displayed that all of the extracts possessed neurogenic activity by promoting the neurite outgrowth of the cultured neurons. Moreover, these extracts can protect neurons from oxidative stress-caused cell death in a serum deprivation model, and prevent and protect neuron cells from the toxicity of hydrogen peroxide. In this study we assured that the neuritogenic and neuroprotective activities of these extracts derived from the phenolic components and flavonoids contained in the extracts by acting as signaling molecules to enhance neuron survival and promote neurite outgrowth. These results suggest that all of the extracts are potentially sources of neuritogenic and neuroprotective components which might be used either as pharmaceutical products or dietary supplements for neurodegenerative disorder patients, for example, those suffering from Alzheimer's disease.
Neurotrophic factors, such as neurite growth factor (NGF), show promising therapeutic effects in neurodegenerative disorders by promoting neurite outgrowth [1] .
NGF induces microtubule formation to promote neurite outgrowth [1a] , which can help the neuron enhance more synapses leading to better neurotransmission in the neuron network. Reactive oxygen species (ROS) are also one of the most important causes of neurodegenerative disease due to the formation of ROS leading to neuronal death [2] . Antioxidants are believed to be useful as therapeutic agents for neurodegenerative diseases [3a] . Naturally occurring substances, including flavonoids and polyphenolic compounds, are promising neuritogenic and neuroprotective products due to their scavenging ability, and their activation of survival genes and cell signaling pathway [3] . The P19 embryonal carcinoma cell is a pluripotent stem cell line. All transretinoic acid (RA) can induce this cell line to differentiate into neurons [4a] . The P19-derived neurons are irreversibly postmitotic and exhibit many characteristics of mature CNS neurons containing particular neurotransmitters such as -aminobutyric acid represented GABAergic neurons [4b] and acetylcholine represented cholinergic neurons [4c] . The different type of neurons depend on seeding density after exposure to RA [4d] . At a cell density of 10 4 cells/cm 2 , P19 cells differentiated into cholinergic neurons, while at the higher cell density of 10 5 cells/cm 2 the cells differentiated into GABAergic neurons [4d] . Differentiated P19 neuroglial cultures have been used for neurotoxicity evaluation of cysteinylcatechols [5a] , neuroprotective activity of geldanamycins [5b], and neuritogenicity of butterfly pea petal, red lotus anther, and rambutan pericarp extracts [5c]. Therefore, we are interested in evaluation of the neuritogenic and neuroprotective ability of high polyphenolic and flavonoid containing extracts of Thai fruits {litchi (Litchi chinensis Sonn., Sapindaceae) and salacca (Salacca edulis Reinw., Arecaceae) pericarps, and sapodilla (Achras sapota L., Sapotaceae) and tamarind (Tamarindus indica L., Caesalpiniaceae seed coats)} on cholinergic P19-derived neurons.
Ethanolic extracts of the fruit residues of litchi, salacca, sapodilla, and tamarind (Srichompu cultivar) were partitioned with ethyl acetate and concentrated to give ethyl acetate extracts, which were analyzed for their phenolic and flavonoid contents by a modified Folin-Ciocalteu method [6] , and a colorimetric method [7] , respectively. The phenolic (as gallic acid equivalents g/100 g dry plant extract) and flavonoid (quercetin equivalents g/100 g dry plant extract) contents of the extracts are shown in Table 1 . Tamarind seed coat contained the highest contents of both phenols and flavonoids (74.7 ± 0.9 and 387.5 ± 1.0 g/100g, respectively), while sapodilla seed coat contained the lowest content of both (44.3 ± 0.1 and 30.2 ± 0.3 g/100 g, respectively). The components found in these extracts were characterized by HPLC and reported by Kanlayavattanakul et al [8] as phenolic and flavonoid components.
The viability of the cholinergic P19-derived neurons was evaluated by XTT reduction assay. None of the extracts showed neurotoxicity to the neurons (IC 50 more than 10 µg/mL). Interestingly, all the extracts, at a very low concentration (1 ng/mL of M1 and M2, 10 ng/mL of M3, and 100 ng/mL of M4), enhanced the survival of cultured neurons (% viability more than 100%), as shown in Figure 1 . Moreover, the extracts showed no cytotoxicity to undifferentiated P19 cells ( Figure 2 ). This suggested that all the extracts promoted viability of the neurons whilst showing neither neurotoxicity nor cytotoxicity. The viability (percentage ± SEM) of the cultured neurons treated with M1 and M2 at a concentration of 1 ng/mL was 146.1 ± 25.1% and 150.4 ± 17.9%, respectively, while the viability when treated with 10 ng/mL of M3 and 100 ng/mL of M4 was 145.4 ± 9.0 and 134.6 ± 3.5, respectively. Therefore, we further evaluated the neuritogenic and neuroprotective ability of these extracts at 1 ng/mL of M1 and M2, 10 ng/mL of M3, and 100 ng/mL of M4.
The neuroprotective ability of these extracts was evaluated under serum deprivation, and pre-and co-administration of H 2 O 2 models. Interestingly, all of the extracts significantly protected the cultured NPC Natural Product Communications 2013 Vol. 8 No. 11 1583 -1586 neurons from toxicity of reactive oxygen species occurring from serum deprivation induced oxidative stress, and toxicity of H 2 O 2 when co-administrated (Table 2) . Moreover, the extracts also significantly prevented the cultured neurons from toxicity of H 2 O 2 under the pre-administration model ( Table 2 ). These observations suggested that all of the extracts can prevent and protect the neurons from toxicity of the free oxygen radical. The neuroprotective ability of these extracts was associated with their phenolic and flavonoid contents. In addition, we found that the neuroprotective ability of the extracts related more to their flavonoid than phenolic contents. As shown in Table 1 , the phenolic contents of the extracts were quite similar in amounts except M4, which contained higher amounts of phenols. In a different way, the flavonoid contents of the extracts varied in their amounts.
M3 contained the lowest amount of flavonoids and showed the lowest neuroprotective ability. However, even though M4 had the highest phenolic and flavonoid content, it exhibited the lowest neuroprotective ability. This effect might be due to the concentration of the phenolic and flavonoids found in the extracts [3] . Many reports revealed that at a low concentration (less than 10 µM), phenolic and flavonoids acted as neuroprotective substances via activation of the mitogen-activated protein kinase (MAP kinase) pathway [3] . In contrast, at high concentration, they activated the caspade pathway, leading to apoptosis [3]. , respectively. Moreover, the concentrations required for neuroprotection of these extracts were 1-100 ng/mL. This evidence strongly suggested that the neuroprotective ability of the extracts was not the result of antioxidation, but activation of the MAP kinase pathway.
We then further evaluated the neuritogenicity of these extracts at the same concentration being used for the neuroprotective assay. All the extracts also significantly promoted neurite outgrowth of the cultured neurons, as shown in Figure 3 and Table 3 (p < 0.05). Geldanamycin, at very low concentration, was used as a positive control. As shown in Table 3 , the neuritogenic ability of the extracts was associated with the phenolic and flavonoid contents. Both phenols and flavonoids can promote neurite outgrowth, but the lower amounts of phenols and flavonoids showed less neuritogenic ability, as found for M3. All of the extracts significantly enhanced both the length and the number of the neurites more than the control. Interestingly, only M1 significantly enhanced the length of the neurites more than the positive control, geldanamycin. The neuritogenic effect was also observed in phenolic and flavonoid containing plants [5c, 10] . Thus, it can be deduced that the neuritogenic effect of the extracts was derived from phenols and flavonoids found in the extracts via stimulating of phosphorylation of protein kinase C  isoform (PKC), which associated with neurite outgrowth and neuronal differentiation [10] . These results suggested that all the extracts are beneficial substances for the treatment of neurodegenerative disorders, especially for Alzheimer's disease.
In conclusion, these results suggested that the pericarp extracts of litchi (M1) and salacca (M2), and the seed coat extracts of sapodilla (M3) and tamarind (M4) are potential sources of neuritogenic and neuroprotective components. They might be used as dietary supplements as chemopreventive and chemoprotective agents for neurodegenerative disorder patients, especially those with Alzheimer's disease. 
Experimental
Fruits extraction: The pericarps of litchi and salacca, and the seed coats of sapodilla and tamarind Srichompu cultivar, purchased from Chiang Rai, Thailand, were peeled and dried at 45C. The pulverized samples were macerated with 70% ethanol for 24 h. The ethanolic extract was concentrated under reduced pressure and then partitioned with ethyl acetate. The ethyl acetate fractions were concentrated to give M1-M4.
Determination of total phenolic content:
Total phenolic content of the extracts was determined with Folin-Ciocalteu reagent using gallic acid as a standard [6] .
Determination of total flavonoid content:
Total flavonoid content of the extracts was determined by a colorimetric method using quercetin as a standard [7] .
Characterization of the extracts:
High performance liquid chromatographic (HPLC) fingerprints of the extracts were obtained using a Waters 2695 chromatograph equipped with a Waters 2996 photodiode array detector, a reversed phase column (Alltech, Prevail C 18 5 m, 250 × 4.6 mm), and a guard column (Alltech, Prevail allguard cartridge C 18 5 m, 7.5 × 4.6 mm). The HPLC components were controlled through Waters Empower II software. All the solvents used were of HPLC grade. The extracts' fingerprints were successively obtained using solvent systems consisting of AcCN (A) and 3% Aq. AcOH (B) with the following gradient system: 0 -3 min 100% B, 3 -5 min 85% B, 5 -10 min 80% B, 10 -15 min 75% B, 15 -20 min 70% B, and 20 -30 min 50% B at a flow rate of 1 mL/min [8] .
Cell culture: Murine embryonal carcinoma cells, P19 ATCC CRL-1857, obtained from the American Type Culture Collection, USA, were grown in alpha minimal essential medium (-MEM) with 7.5% newborn calf serum (NCS), 2.5% fetal bovine serum (FBS), and 1% antibiotics-antimycotic solution (P19GM) in a 5% CO 2 humidified atmosphere, at 37 C. Cells in monolayer cultures were maintained in exponential growth by subculturing every 2 days [5c].
Differentiation of P19 cells into P19-derived neurons:
As described by Tadtong et al. [5c] , differentiated neuronal cells, P19 derived-neurons, and cholinergic neurons were used after day 14 of the differentiation process.
Neuronal viability assay: As the assay described by Tadtong et al.
[5c] was performed in triplicate. DMSO solutions of the extracts diluted with P19SM in the presence of 10 M Ara-C were added to give concentrations of 1, 10, 100, 1000, and 10000 ng/mL. DMSO was added to the cultures at 0.5%. P19SM plus 10 M Ara-C was added to the control wells. The cells were incubated for 18 h at 37C. Then, 150 L of the medium was removed, and 50 L of XTT solution (1 mg/mL XTT in -MEM and 25 M phenazine methosulfate) was added. After incubation at 37C for 4 h, 100 L of PBS was added. The OD value was determined on a microplate reader at 450 nm. The data were expressed as the mean ± SEM (n = 3), with the medium as a control representing 100% cell viability.
Cytotoxicity assay:
The assay was carried out on undifferentiated P19 cells cultured in a 96-well plate and performed in the same way as that described for the neuronal viability assay. However, the medium used for the cytotoxicity assay was P19GM. The cells were seeded at a density of 0.5  10 5 cells/mL and incubated for 18 h at 37C in a 5% CO 2 humidified atmosphere prior to use.
Neuroprotective assays:
The assays were carried out on P19derived neurons cultured in a 96-well plate and performed in triplicate.
Serum deprivation method:
The method was modified from that of Iacovitti et al. [11a] , and . The DMSO solution of the extracts, diluted with P19SM plus 10 M Ara-C, and -MEM supplemented with 10 M Ara-C, and 1% antibioticsantimycotic solution without FBS were added to give a final concentration of the extract that enhanced survival of cultured neurons more than the control. DMSO was added to the cultures at 0.5%. P19SM plus 10 M Ara-C was added to the control wells. -MEM supplemented with 10 M Ara-C, and 1% antibioticsantimycotic solution without FBS was used to create the oxidative stress condition. The cells were incubated for 18 h at 37 C. Cell viability was assayed by the XTT reduction method. The data were expressed as the mean ± SEM (n = 3), with the medium as a control representing 100% cell viability.
Pre-and co-administration of H 2 O 2 assays:
The method was modified from Vajragupta et al. [11c] . The DMSO solution of the extracts diluted with P19SM plus 10 M Ara-C was added to give a final concentration of the extract at a concentration that enhanced the survival of cultured neurons more than the control. Five mM H 2 O 2 in P19SM plus 10 M Ara-C was used to produce the oxidative stress condition. Five mM H 2 O 2 and the extracts in P19SM plus 10 M Ara-C were added together for the coadministration assay. For the pre-administration assay, the extracts in P19SM plus 10 M Ara-C were given to the neurons for 18 h then removed and 5 mM H 2 O 2 in P19SM plus 10 M Ara-C was added instead. The cells were incubated for 18 h at 37C. Cell viability was assayed by the XTT reduction method. The data were expressed as the mean ± SEM (n = 3), with the medium as a control representing 100% cell viability.
Statistical analysis:
Average viability of the neurons was statistical analyzed by Student's t-test to compare the statistical significance between either the control or oxidative stress conditions and experimental groups. Differences were considered significant only when the p-value was less than 0.05. Neuritogenicity assay: As described by Tadtong et al. [5c] , the assay was carried out with P19-derived neurons cultured in a 6-well plate. Geldanamycin at 1 nM was used as positive control. The morphology under a phase-contrast microscope was observed. The appearance of P19-derived neurons was compared with the controls and measured for the length and number of neurites. Average length and number of neurites of 30 neurons from the assay were measured. The data were expressed as the mean ± SEM.
Average length and branching numbers of the neurites were statistical analyzed by Student's t-test to compare the statistical significance between either the control or positive control and experimental groups. Differences were considered significant only when the p-value was less than 0.05.
